
(21) latemttlanai Application Number PCr/US<>7/12108 

(22) Intenudonal EHing Date: U July IW (14.07.97) 



(30) Priority Data: 

08/680,472 



15 July 1996 (15.07,96) 



US 



Published ^ ^ 

With mtemathnal search report. 



43202 (US). 

(72) ln«otor. OUEUETra. WQliar^ Rob«t 11987 Blackhawk 
^ Ciicle. Ctaciimati. OH 45240 (US). 

nt\ AMts! RHED. T., David et al4 Tte * 
^ * cStpwylsW Spring 0«>ve Avenue. Cmcumati. OH 
45217 (US). 



(54) 



^ ymUCnJRB AND MEIHOD OF FORMINO A LAMINATE STOUCTORB 



27- 



-22 



29 



'2k 



(57) Abstract 



An elastic laminate «i«tu«e is provided ^^l^^^Z.^^^ Sintegrall^taKJed to the fiist feWclay^ 
(26) and Moond ««nd8 (28). Tte laminate stn^rtme i» fomied «^ .^*«JJ^'J^ Sri niechffiy and/or chemically to*e fibers 
mi^^ffally bonded fint stnuds (26) bodi P««««tefte ^^'^^^'^^^^ substantial^ flat in shape and substandally 
?ie^Slayer(22). ^ additimi. d« fim^ (JJ^a* ^ 

A ^ eU«ic lanunate structute Which can ] 



strands (26) ano me aciutu«». o.-.,^ — 

SrllL aliut d« body without initation or other discomfort 



FOR THE PURPOSES OF INFORMATtm ONLY 



Codes used to identify Steles party to the ICT on the fr^ 



AL 
AM 
AT 
AU 
AZ 
BA 
BB 



EG 
BJ 
BR 
BY 
CA 
CF 
CG 
CH 

a 

CM 
CN 
CU 
CZ 
DE 
DK 



Autili 

Aottnlia 

A2eit»liB 

Booh and IbmjLwiM 



Belgim 



Bolftria 



BnzO 

Belam 

Ctntdi 

Ceanl Aftko RcpiMfc 

SwitBcrttnd 
Ctedlvoke 



Quu 
Cofaa 

Czecfa Repoblic 



BS Spcin 
FI lUad 

nt 

GA 

<3 Unhed Ktafdott 
GB Qeaitit 
Gfl 

GB Qoeece 
HU 
IB 
IL 
IS 

IT iafy 
iP 

KB Keqn 
KG Kyiumn 
KP E>HDacntk:I 

RepobUcofKorei 
KB RepafaOeorKaRi 



LC 
U 
LK 
LR 



Sri 



LS LoMdu 

LT LUnnia 

lAJ ffflwmboas 

LV L«vk 

MD Reinblic of Moldova 

M/^ ■ *- J 

isB^v {vubvbsbcib 

MK Ite fanaer Yi^otliv 

BcpnbBc of ^•'•^^pfirii 

ML Mali 

MN MoQfofia 

MB Mwriflnit 

MW MiM 

MX Main 

NB FOfEr 

HL 

NO 

NZ NewZealnd 

PL Pbisid 

FT tatitgat 

BO Romnla 

BU RoHia fUeotloo 

SD SwfaB 

SB Swete 
SO 



81 


Slowciia 


SK 
8N 


SlovikU 


SZ 


S0OS||1 

SmdhBd 


TD 


(3ad 


TG 


Tbfo 


TJ 




TM 




n 




TT 


IttddKl nd Tob^ 


UA 




UG 


Upadi 


US 


UntodStMn of America 


uz 


UzfacfcittiQ 


VN 


VielNim 


YU 


YiifoilKvii 


ZW 





PCT/US97/12108 

WO 98/02300 



STRUCTURE AND METHOD OF FORMING A LAMINATE STRUCTURE 



FTFrn OF THF. INVENTION 

This invention relates generally to the field of laminate structures and, more 
particularly, to elastic laminate structures formed from a polymeric mesh and at least one 
fabric layer, wherein improved elasticity can be provided without sacrificing comfort. 

n Ari fr.KOTINn OF TH T INVENTION 
Laminate structures have previously been used in a variety of products including 
elastic absorbent structures such as sweat bands, bandages, diapers, incontinence devices. 
Several methods for producing these laminate structures also currently exist For 
example, U.S. Patent No. 4,606.694 to Wideman teaches the joining of a gatherable 
material to each side of a tensioned elastic web. The gatherable materials are jomed m a 
pre-tensioned state to the elastic web by self-adhering compounds, adhesives or thermal 
bonding. When the tension in the elastic web is released after joining, the web contracts 
thereby collecting the gatherable material into folds. 

U S Patent No. 4,522,863 to Keck et al. discloses a laminate structure compnsmg 
a mesh having a tissue layer attached to one side and a layer of microfibers attached to 
the other. TTie tissue and microfiber layers are attached to the mesh by adhesive, and 
portions of the layers remain unbonded to the mesh to provide a soft, clothhke feel and 

appearance. . 

U S Patent No. 4,977,011 to Smith teaches a laminate structure havmg outer 
layers of low-basis weight breathable material, a central elastic layer, and an adhesive 
layer that serves to join aU the layers together. The elastic layer can be formed from 
either a single elastic strand laid between pins to form a multipUcity of nonintersectmg 
lines of elastic, or. alternatively, by a plurality of elastic strands intersectmg at right 
angles and adhesively joined to the low basis weight breathable material. 

Although the above-described laminate structures may be smtable for the 
purposes for which they were intended, it is desirable to provide an improved laminate 
structure having additional benefits and features. For example, the previously descnbed 
structures provide strands which extend in two distinct directions across the structure (or, 
alternatively, teach a complex method for aligning a single strand in a single direction 
between pins). When resulting laminate structures such as these are cut, however, the cut 
edges of the strands can protrude on cut sides of the structure such that they can be a 
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source of irritation if the structure is worn next to the body, as is the case with bandages, 
body wraps, diapers, incontinence devices and the like. Further, if an elastic laminate 
structure having a large modulus value (i.e., the ratio of stress to strain) is desired, elastic 
strands having a large cross-sectional area are generally required. However, large strands 
of this type can produce a rough or "nubby" feeling when placed in contact with the 
body. Consequently, it would be desirable to further provide an elastic laminate structure 
which can provide elastic strands having large cross-sectional areas and yet which is still 
comfortable to be worn about the body. The present invention provides an improved 
laminate structure and method for forming such structure which can accommodate 
designs having the above-described structural feanires and benefits. 

SUMMARY OF Jf fE INVFNTIpfSJ 
A laminate structure is provided comprising first fabric layer and a mesh having a 
plurality of first strands which intersect a plurality of second strands. The first and 
second strands intersect at a predetermined and substantiaUy uniform angle which 
preferably is about 90 degrees. Although the first and second strands can be elastic, 
inelastic, or a combination thereof; it is preferred that the first strands are inelastic while 
the second strands are elastic. Such a configuration provides a laminate structure which 
is inelastic along the direction of the first strands and elastic along the direction of the 
second strands. 

The first and second strands have a softening temperature at a bonding pressure 
such tiiat appUcation of die bonding pressure at die softening temperature of tiie first 
strands integrally bonds at least one of the first strands to the first febric layer. Further, it 
is desirable that appUcation of die bonding pressure deforais at least one of the fiist 
strands into a substantially flat shape which is also coplanar witii die inner surface of the 
first fabric layer. For ease of manufacture and processing, the softening temperatures of 
die first and second strands are preferably distinct at tiie bonding pressure, the softening 
temperature of die first strands being lower tiian die softening temperature of die second 
strands. So as to avoid overlap'or joining of adjacent first strands when die first strands 
are deformed by appUcation of die bonding pressure, die first strands preferably have a 
strand density of between about 2 and about 10 first strands per centimeter and a cross- 
sectional area of between about 0.0005 cm2 and about 0.03 cm^. 

The laminate structure of die present invention can be formed by eidier a static 
plate process or a roUer nip process. In die static plate process, a first surface is provided 
in die form of a substantially resiUent plate while a second surfece is provided in die 
form of a substantially non-resilient plate. The mesh and fabric are juxtaposed and die 
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bonding pressure is applied to the first strands of the mesh by appropriately moving the 
fim surfece toward the second surface. Because the first surface is heated to a 
temperature such that the first strands are at their softening temperature for the applied 
bonding pressure, the first strands integrally bond to the first fabric layer. Preferably, the 
application of the bonding pressure also deforms the first strands into a substantially flat 
shape which is also coplanar with the first fabric layer and deforms the second strands 
into a substantially elliptical shape. 

In the nip process, three surfaces in the form of roUers are provided wherein a 
substantially resilient first surface is in surface contact with a substantially non-resilient 
second surface (i.e.. forming an interference nip) and the second surface is adjacent a 
substantially non-resUient third surface such that a gap is formed therebetween (i.e.. 
forming a gapped nip). The first fabric layer and mesh are juxtaposed and fed over the 
third surface which is heated to a temperature such that the second strands reach their 
softening temperature for the deformation pressure which is applied at the gap. 
Application of the deformation pressure to the second strands at the gap preferably 
deforms the second strands into a substantially elliptical shape. The juxtaposed fabric 
and mesh are then fed over the second surface which is heated to a temperature such that 
the first strands reach their softening temperature with respect to the bonding pressure 
which is applied at the interference nip between the first and second surfaces. 
Application of the bonding pressure to the first strands at their softening temperature 
integrally bonds the first strands to the first fabric layer. Preferably. appUcaiion of the 
bonding pressure also deforms the .first strands into a substantially flat shape which is 
also coplanar with the inner surfece of the first febric layer. Tbc substantially flat shape, 
integral bonding of the first strands to the first fabric layer, and the substantially elliptical 
shape of the second strands advantageously provides a laminate structure which can be 
worn about the body (e.g., in bandages, body wraps and the like) without irritation or 
other discomfort 

pyiFF DESCR IfnON OF THF nRAWINGS 
WhUe the specification concludes with claims particularly pointing out and 
distinctly claiming the invention, it is believed the same wiU be better understood firom 
the foUowing description taken in conjunction with the accompanying drawings m 

which: . 
Fig. 1 is an exploded view of a mesh and first fabric layer prior to being formed 

into a laminate structure made in accordance with the present invention; 
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Fig. 2 is a partial perspective view of a laminate structure made in accordance 
with the present invention, wherein a portion of the fabric layer has been removed to 
show the mtegrally bonded first strands; 

Fig. 2a is an enlarged partial perspective view of an integrally bonded first strand 
of the laminate structure of Fig. 2; 

Fig. 3 is a schematic representation of a gapped nip process according to the 
present mvention for forming the laminate structure of Fig. 2; and 

Fig. 4 is a schematic representation of a plate process according to tiie present 
invention for forming the laminate strucnire of Fig. 2. 

DETAaED PFSCRIFnON OF THir PPffi TERRF.n Flvrann^ Krrc 
Reference will now be made in detaU to die present preferred embodiments of the 
mvention. examples of which are illustrated in the accompanying drawings wherein like 
numerals mdicate die same elements throughout the views. Fig. 1 is an exploded view of 
the components of laminate structure 20 prior to its formation (laminate structure 20 is 
shown in Fig. 2). As iUustrated, laminate structure 20 is formed fiom a first fabric layer 
22 and an open cell mesh 24 having a plurality of first strands 26 and a plurality of 
second strands 28. As shown in Fig. 2, laminate structure 20 preferably has at least one 
structural direction D. wherein at least a portion of structural direction D is elastic. More 
preferably, laminate structure 20 provides a structural direction D which is elastic along 
die direction and entire length of second strands 28. As used herein, die phrase 
"strucmral direction" (e.g., D) is intended to mean a direction which extends 
substantiaUy along and parallel to the plane of outer febric surface 31 of first fabric layer 
22. Laminate structure 20 can be incorporated into a variety of products (not illustrated) 
wherein it is desired to provide at least one structural direction which is partially or 
entirely elastic along its length. Examples of such products include elastic diapers, 
incontinence products, bandages, body wraps and die like. 

Although it is preferred diat laminate structure 20 provide at least one structural 
direction D which is elastic, it is further contemplated that laminate structure 20 can be 
inelastic such diat no elastic structural directions are provided. Alternatively, laminate 
structure 20 can also be provided with a structural direction over which a portion of die 
length diereof is elastic and a portion of die lengdi diereof is inelastic. As used herein, 
die tenn "elastic" is intended to mean a directional property wherein an element or 
structure has a recovery to widiin about 10 pereem of its original lengdi Lq in die subject 
direction after being subjected to a percentage strain eo/, of greater dian 50 percent As 
used herein, percentage strain eo^ is defined as: 
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eo/, = [(Lf Lo)/Lo]MOO 

Where Lf = Elongated length 
Lq = Original length 



For consistency and comparison, the recovery of an element or structure is preferably 
measured 30 seconds after release from its elongated length Lf. All other elements or 
structures will be considered inelastic if the element or structure does not recover to 
within about 10 petcem of its original length Lq within 30 seconds after being released 
from a percentage strain s./, of 50%. Inelastic elements or structures would also mclude 
elements or structures which partially or wholly separate, fracture and/or 
permanently/plastically deform when subjected to a percentage strain e% of 50%. 

Referring now to Fig. 2, mesh 24 comprises a plurality of first strands 26 which 
intersect or cross (with or without bonding to) a plurality of second strands 28 at nodes 
30 at a predetermined angle a. thereby forming a net-like open structure havmg a 
pluraUty of apertures 32. Each aperture 32 is defined by at least two adjacent first 
strands (e.g., 34 and 36) and at least two adjacem second strands (e.g.. 38 and 40) such 
that apertures 32 are substantially rectangular (preferably square) in shape. Other 
aperture configurations, such as paraUelograms or circular arc segments, can also be 
provided. Such configurations could be usefiil for providing non-linear elastic structural 
directions. It is preferred that first strands 26 are substantially straight and substantially 
parallel to one another, and, more preferably, that second strands 28 are also substantially 
straight and substantiaUy parallel to one another. Most preferably, first strands 26 
intersect second strands 28 at nodes 30 at a predetemiined angle a of about 90 degrees. 
Each node 30 is an overiaid node, wherein first strands 26 and second strands 28 are 
preferably joined or bonded (although it is contemplated that joining or bonding may not 
be required) at the point of intersection with the strands still individuaUy distinguishable 
at the node however. However, it is believed that other node configurations such as 
merged or a combination of merged and overlaid would be equally suitable. 

Although it is preferred thai first and second strands be substantiaUy straight, 
parallel, and intersect at an angle a of about 90 degrees, it is noted that first and s^ni 
strands can intersect at other angles a, and that first strands 26 and/or second strand 

can be aligned in circular, elliptical or otherwise nonlinear patterns relative to one 
another. Although for ease of manufacttire it is contemplated that first strands 26 and 
second strands 28 have a substantially circular cross-sectional shape prior to 
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incorporation into laminate strucnire 20 (as shown in Fig. 1). first and second strands can 
also have other cross-sectional shapes such as elliptical, square, triangular or 
combinations thereof. 

The process of manufacturing mesh 24 for incorporation into the present 
invention involves the selection of an appropriate material for the first and second 
strands. Preferably, the material of first strands 26 is chosen so that first strands 26 can 
maintain second strands 28 in relative alignment prior to foraxing laminate structure 20. 
It is also desirable that the materials of first and second strands be capable of being 
deformed (or initially formed) into predetermined sh^s upon application of a 
predetermined pressure or a pressure in combination with a heat flux, as described in 
more detail hereafter. These deformed shapes (e.g., elliptical second strands, 
substantially flat first strands and the like) provide a laminate structure 20 which can be 
comfortably worn about the body without irritation or other discomfort It is further 
desirable that the material chosen for first strands 26 provide an adhesive-like property 
for joining a portion of second strand outer surfece 44 of deformed second strands 29 to a 
portion of first febric layer iimer surface 46. 

The material of first strands 26 should also be capable of integrally bonding with 
first febric layer 22 as part of forming laminate structure 20. As described in more detail 
hereafter, first strands 26 can be integrally bonded to first fobric layer 22 by application 
of a pressure or a pressure in combination with a heat flux. As used herein, the phrase 
"integrally bonded" and its derivatives is intended to mean that a portion of a strand outer 
surface (e.g., first strand outer surface 42) of an integrally bonded strand (e.g., integrally 
bonded first strands 27) has penetrated into and bonded with first febric layer 22. The 
portion of the strand outer surfece of an integrally bonded strand which penetrates first 
fabric layer 22 can bond mechanically (e.g., as by encapsulating, encircling or otherwise 
engulfing) and/or chemically (e.g., polymerizing, fiising or otherwise chemically 
reacting) with fibers 43 of first febric layer 22, as shown in Fig. 2a. With regard to 
penetration, integrally bonded preferably means that a portion of the strand outer surface 
has penetrated at least about 10 % of fabric stnictural thickness T of first fabric layer 22 
in laminate stnicnire 20, and, more preferably, a portion of the strand outer surface has 
penetrated at least about 25 percent of fabric strucniral thickness T (various amounts of 
penetration are generaUy shown in Fig. 2). Most preferably, a portion of the strand outer 
surfece has penetrated about 100 % of febric structural thickness T. Further, because 
integrally bonded strands enhance the comfort of laminate structure 20 when worn about 
the body, it is preferred that between about 10 percem and about 50 percent of first 
strands 26 are integrally bonded to first febric layer 22 of laminate structure 20. More 
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preferably, between about 50 percent and about 90 percent of first strands 26 are 
integrally bonded to first fabric layer 22. Most preferably, about 100 percent of first 
strands 26 are integrally bonded. 

The above-described benefits can be achieved by selecting a first strand material 
having a softening temperature which is lower than the softening temperature of second 
strands 28 relative to the processing pressures used to form laminate structure 20. As 
used herein, the phrase ''softening temperature" is intended to mean the temperature at 
which a material flows or deforms under an applied pressure. Typically, heat is applied 
to a material to achieve a softening temperature. This generally results in a decrease in 
the viscosity of the material which may or may not involve a "melting" of the material, 
the melting being associated with a latent heat of ftision. Thermoplastic materials tend to 
exhibit a lowering in viscosity as a result of an increase in temperature allowing them to 
flow when subjected to an ^plied pressure. It will be understood that as the applied 
pressure increases, the softening temperature of a material decreases and therefore a 
given material can have a plurality of softening temperatures because the temperature 
will vary with the applied pressure. For ease of manufacturing and processing, and when 
utilizing generally polymeric materials for strands 26 and 28, it is desirable that the 
difference in softening temperatures between the material of first strands 26 and the 
material of second strands 28 is at least about 10 degrees centigrade, when both materials 
are subjected to the same applied pressure (e.g., the processing pressure). More 
preferably, the difference in softening temperatures between the first and second strands 
is at least about 20 degrees centigrade. As will be understood, the difference in softening 
temperatures between the materials of first strands 26 and second strands 28 faciUtates 
the integral bonding of first strands 26 to first fabric layer 22 without integrally bonding 
second strands 28 to the first fabric layer when both strands are subjected to a 
predetermined pressure or predetermined pressure and heat flux. In addition to the 
selection of first and second strand materials for softening point, second strands 28 are 
preferably formed from a material which renders second strands 28 ^propriately elastic 
such that laTnmfltP stTuctuTe 20 provides a structural direction along the direction of 
second strands 28 which is also appropriately elastic as desired. 

Polymers such as polyolefins, polyamides, polyesters, and rubbers (e.g., styrene 
butadiene rubber, polybutadiene rubber, polychloroprene rubber, nitrile rubber and the 
like) have been found to be smtable materials for forming the first and second strands of 
mesh 22. Other materials or compounds (e.g., adhesive first strands) having different 
relative softening temperatures or elasticities can be substituted so long as the material 
provides the previously described benefits. Additionally, adjimct materials can be added 
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to the base materials comprising first and second strands (e.g., mixtures of pigments, 
dyes, brighteners, heavy waxes and the like) to provide other desirable visual, structural' 
or functional characteristics. Mesh 22 may be formed from one of a variety of processes 
known in the art. 

So that mesh 22 can be integrally bonded to first fabric layer 22, it is desirable 
that first febric layer 22 have a basis weight of less than about 100 gm/m2, a caliper of 
less than about 0.1 cm, and comprise fibers having a fiber size of less than about 20 
denier per filament More preferably, for products such as body wraps, bandages and the 
like, first fabric layer wiU have a basis weight of less than about 50 gm/m2, a fiber size 
of less than about 5 denier per filament and a caUper of less than about 0.02 cm. For ease 
of manufacture and cost efficiency, first febric layer 22 is preferably fonned fiom a non- 
woven fabric having fibers formed, for example, from polyethylene, polypropylene, 
polyethylene terepthalate, nylon, rayon, cotton or wool. These fibers can be joined 
together by adhesives, thermal bonding, needling/felting, or other methods known in the 
art to form first fabric layer 22. Although it is preferable that first febric layer 22 is 
formed from a non-woven fabric, other febrics such as woven, three dimensional formed 
films, and two dimensional apertured flat fihns would be equally suitable. 

The softening temperature of first fabric layer 22 (at the subject processing 
pressures) should be greater than any of the processing temperatures appUed to mesh 22 
in forming laminate structure 20. In addition, first fabric layer 22 of the present 
invention preferably has a modulus of less than about 100 gm force per cm at a unit 
strain of at least about I (i.e., Lf = 2 x Lq) in a direction along second strands 28 
when it is formed into laminate structure 20. As used herein, the term "modulus" is 
intended to mean the ratio of an apphed stress a to the resulting unit strain e^, wherein 
stress o and unit strain are: 

<r = F/W 

Su = (Lf-Lo)/Lo 

Where F = Applied force 

W= Orthogonal dimension of the element or 

structure subjected to the applied force F (typically 

the structure width) 

Lf = Elongated length 

Lq = Original length 



For example, a 20 gram force ^pUed orthogonally across a 5 cm wide fabric would have 
a stress o of 4 grams force per cm. Further, if the original length Lq in the same 
direction as the applied force F were 4 cm and the resulting elongated lengA Lf were 12 
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cm, the resulting unit strain z^^ would be 2 and the modulus would be 2 grams force per 
cm. 

It is believed that a first fabric layer having a modulus of less than about 100 
grams force per cm in a subject fabric direction will, when the subject fabric direction is 
juxtaposed co-directional with elastic second strands 28 in laminate structure 20, provide 
a laminate structure 20 with a modulus along the direction of second strands 28 that is 
largely a function of the material properties, size and arrangement of second strands 28. 
In other words, the modulus of first fabric layer 22 will be low enough that the modulus 
of the second strands will largely determine the modulus of laminate structure 20 in the 
subject direction. This configuration is especially useful if it is desired that laminate 
structure 20 provide an elastic structural direction along the direction of laminate second 
strands 29. 

If first fabric layer 22 does not inherently provide the desired modiilus, first fabric 
layer can be subjected to an activation process before or after forming laminate structure 
20. As taught for instance in U.S. Patent No. 4,834,741 issued to Sabee on May 30, 
1989, the substance of which is hereby incorporated by reference, subjecting first fabric 
layer 22 to an activation process (either separately or as part of laminate structure 20) 
will plastically deform first fabric layer 22 such that it will provide the desired modulus. 
In an activation process, such as that taught by Sabee, a first fabric layer 22 (or laminate 
structure incorporating same) is passed between corrugated rolls to impart extensibility 
thereto by laterally stretching first fabric layer 22 in the cross-machine direction. First 
fabric layer 22 is incrementally stretched and drawn to impart a permanent elongation 
and fabric fiber orientation in the cross-machine direction. This process can be used to 
stretch first fabric layer 22 (or multiple fabric layers) before or after joinder to the 
laminate structure 20. This preferably provides a laminate structure 20 A^ch can be 
extended in an elastic structural direction with minimal force as fabric layer 22 (and any 
additional &bric layers) have initially been "activated" or separated in this direction, 
thereby providing a low modulus in the subject direction such that the laminate structure 
modulus is primarily a function of laminate second strands 29. 

Laminate structure 20 is preferably formed by juxtaposing first fabric layer 22 
and mesh 24 and inlying a predetermined pressure or a predetermined pressure and heat 
fiux, depending upon the selected mesh and fabric materials, so that first strands 26 are 
integrally bonded to first fabric layer 22. In addition to integrally bonding first strands 
26 to first fabric layer 22, it is desirable that the above-described process deform first 
strands 26 so that the shape of integrally bonded first strand outer surface 42 is 
substantially flat. The phrase "substantially flat" and its derivatives, as used herein. 
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means that integrally bonded first strands 27 have a major dimension M (i.e., the largest 
dimension parallel to the major axis of the strand cross section as shown in Fig, 2) at 
least about 2 times the length of a minor dimension N (i.e., the smallest dimension 
parallel to the minor axis of the strand cross section as shown in Fig. 2). Thus, it should 
be clear that an integrally bonded first strand 27 can have in^gularities in outer surface 
42 (i.e, peaks and valleys and the like, as shown in Fig. 2a) and still be within the 
intended meaning of substantially flat More preferably, it is desirable that a portion of 
outer surface 42 of integrally bonded first strands 27 is also substantially coplanar with 
first fabric layer inner surface 46 such that minor dimension N is about equal to or less 
than structural thickness T of first febric layer 22 and substantially all of minor 
dimension N is located within structural thickness T, as generally shown in Fig. 2. It is 
further contemplated that variations in the substantially flat and coplanar sbap^ of 
integrally bonded first strands 27 can occur along the length of first strands 27 without 
deviating from scope of these definitions. In other words, due to processing variations, it 
is noted that portions of integrally bonded first strands 27 can be substantially flat and/or 
coplanar while other portions along the same strand may not These configurations are 
still considered to be within the definitions of substantially flat and coplanar as set forth 
above. 

The above-described shapes of integrally bonded first strands 27 advantageously 
provide a laminate structure 20 wherein strands 27 do not protrude in a manner which 
would cause irritation or other discomfort when laminate structure 20 is cut (thereby 
exposing the ends of integrally bonded first strands 27) and worn about the body. As 
such, it is preferred that at least about 50 percent of integrally bonded first strands 27 are 
substantially flat and coplanar, and, more preferably, at least about 75 percent of 
integrally bonded first strands 27 are substantially flat and coplanar. Most preferably, 
about 100% of integrally bonded first strands 27 are substantially flat and coplanar. 

In contrast to the substantially flat and coplanar shape of integrally bonded first 
strands 27 of laminate structure 20, laminate second strands 29 are preferably only joined 
(as opposed to integrally bonded) to first fabric inner surface 46, as shown in Fig. 2, by 
application of the above-described pressure and heat flux. It is contemplated, however, 
that second strands 28 can also be integrally bonded to first febric layer 22 if so desired. 
The integral bonding of first strands 26 to first fabric layer 22 can also be perfonned such 
that first strands 26 act as an adhesive to intermittently join second strands 28 to first 
fabric iimer surface 46 at nodes 30. Alternatively, second strands 28 can comprise a self- 
adhering material vMch aids in joining a portion of second strand outer surfaces 44 to 
first fabric layer inner surface 46, 
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As seen in Fig. 3. laminate structure 20 is preferably manufactured by a gapped 
nip process comprising a substantially resilient first surface 48 (e.g., formed from a 
silicone or other defonnable rubber), a substantially non-resilient second surface 50 (e.g., 
formed from steel or the like), and a substantially non-resilient third surface 52, wherein 
these surfaces are provided in the form of rollers. First and second surfaces are 
positioned in surface contact to one another thereby forming an interference nip 54 while 
second surface 50 is spaced adjacent to third surface 52 such that a nip 56 having a gap is 
formed therebetween. Hie gap is preferably sized such that the smaller diameter first 
strands 26 pass easUy therethrough whUe larger diameter second strands 28 are contacted 
by second surface 50 and third surface 52. Preferably, the roUers comprising first, 
second, and third surfaces are in relative vertical alignment, as iUustraled generally in 
Fig. 3. 

First fabric layer 22 is juxtaposed adjacent to mesh 24 such that when fed around 
third surface 52, as seen in Fig. 3, mesh 24 is preferably adjacent to third surfijce 52 and 
disposed between the third surface and first fabric layer. Third surface 52 is heated to a 
temperature T3 which, in combination with the feed rate of juxtaposed first fabric layer 
22 and mesh 24 over third surface 52. raises the temperature of second strands 28 to their 
softening temperature relative to the deformation pressure exerted at gapped nip 56 
upon second strands 28. Because first strands 26 are preferably exposed to pressure 
much less than deformation pressure Pd because of their smaU diameter, first strands 26 
preferably have not reached their softening temperature because of this low applied 
pressure at this nip and therefore undergo little if any deformation thereat. In contrast, 
second strands 28 are deformed into a substantially elliptical shape at gapped nip 56 
because deformation pressure Pd is fiiUy applied such that second strands 28 have 
reached their softening temperature at this appUed pressure. It should be readily apparent 
that even though the first and second strands may be at about the same physical 
temperature at gapped nip 56, second strands 28 are at their softening temperature while 
first strands 26 are not because each are exposed to a different appUed pressure. The 
elUpticai cross-sectional shape of second strands 28 is desirable if the undeformed cross 
section of the second strands would otherwise produce a "nubby" or rough feel when 
laminate structure 20 is worn about the body. Preferably, the post-nip structural 
thickness I of juxtaposed first fiibric layer 22 and mesh 24 is about 50% of the pre-nip 

structural thickness S. 

As juxtaposed first febric layer 22 and mesh 24 pass through gapped nip 56, first 
fabric layer 22 is preferably oriented adjacent second surface 50 and disposed between 
second surface 50 and mesh 24. Second surface 50 is preferably heated to a temperature 
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T2 which, in combination with the feed rate of juxtaposed first fabric layer 22 and mesh 
24 over second surface 50, raises the temperature of first strands 26 to their softening 
temperature relative to die bonding pressure Pb exerted at interfeience nip 54. The 
bonding pressure is preferably low enough that second strands 28 preferably have not 
reached their softening temperature at interference nip 54 and therefore undergo little 
additional deformation tiiereat. In contrast, as juxtaposed first fabric layer 22 and mesh 
24 pass through interference nip 54, first strands 26 are integrally bonded to first febric 
layer 22 by the application of bonding pressure Pfe fiom the first and second surfaces at 
tiie nip because first strands 26 have reached tiieir softening temperature, relative to 
applied bonding pressure Pfe, from the heat flux provided by temperature T2. Resilient 
first surface 48 provides a bonding pressure Pfe that is uniformly appUed to first strands 

26 between second strands 28 due to die conforming nature of resiUent first surfece 48. 
More preferably, the application of pressure Pb and heat flux from second surface 50 at 
temperature T2 is sufficient to also defomi first strands 26 into substantially flat shaped 
and integrally bonded first strands 27. Most preferably, die appUcation of pressure and 
heat flux is sufficient to also deform first strands 26 into integraUy bonded first strands 

27 which are substantially coplanar with first fabric inner surfru5e 46. 

The feed rate of juxtaposed first fabric layer 22 and mesh 24 through first, second 
and tiiird surfaces can be adjusted so that first and second strands have a sufficient 
residence time adjacent heated second and third surfaces so that these strands can be 
softened and deformed as described herein. It has been found, however, tiiat a smaller 
gapped nip 56 is required as this feed rate is increased to maintain die same relative 
pressure and hence deformation of second strands 28. 

Based upon the foregoing described nip process, it has been found tiiat the 
following will form a satisfactory laminate structure 20 having an elastic structural 
direction along the direction of laminate second strands 29: a carded non-woven first 
fabric layer 22 formed from tiiermally bonded polypropylene and having a 32 gram per 
m2 basis weight, a fiber size of about 2.2 denier per filament, a caliper of between about 
0.01 cm to about 0.03 cm, a modulus of about 100 grams force per cm at a unit strain 
of 1 (such a fabric being marketed by Fibeitech, of Landisville . N.J., under the name of 
Phobic Q-1); and a mesh 24 comprising first strands 26 formed from polyetiielylene and 
second strands 28 formed from a styrene or butadiene block copolymer (such a mesh 
being manufactured by Conwed of Minneapolis, Minnesota and marketed under die 
name T50018). Specifically, die juxtaposed Phobic Q-1 fabric and T50018 mesh having 
a prc-formed structural tiiickness S of about 0. 12 cm are fed at a rate of between about 5 
and about 1 5 meters per minute over diird surface 52 which is heated to a temperature T3 
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of about 90 degrees centigrade. In a preferred arrangement, the juxtaposed fabric and 
mesh pass through nip 56 having a gap of between about 0.01 and about 0.02 cm such 
that they emerge from the nip having an intermediate structural thickness I of about 
0.056 cm. Preferably, second surface 50 is heated to a temperature T2 of about 135 
degrees centigrade as the juxtaposed fabric and mesh pass over second surface 50 and 
through inference gap 54. 

In addition to forming a laminate structure of the present invention via the above- 
described dual nip process, such laminate structure can also be formed by a process 
providing a first surface (e.g., 48) and a second surfiace (e.g., 50) in the form of 
corresponding plates, such as shown in Fig. 4. As discussed previously, first surface 48 
preferably is substantially resilient, while second surface 50 is substantially non- 
resilient. First fabric layer 22 is juxtaposed with mesh 24 such that first fabric layer 22 is 
inunediately adjacent second surface 50. First surface 48 is preferably heated to a 
temperature Tl and a bonding pressure Pj^ is applied to the juxtaposed fabric and mesh 
by moving first surface 48 toward second plate surface 50 ^propriately. Because 
temperature Tl heats first strands 26 to their softening temperature for the applied 
bonding pressure P^, application of the bonding pressure P^ integrally bonds first strands 
26 to the first fabric layer 22. More preferably, application of the bonding pressure P^ 
also deforms first strands 26 into a substantially flat shape which is also coplanar with 
inner surface 46 of the first fabric layer. Most preferably, application of bonding 
pressure P^ also deforms the second strands into a substantially elliptical shape. 

Using the Phobic Q-1 fabric and T50018 mesh combination described above, a 
satisfactory laminate structure 20 having first strands 26 integrally bonded to first fabric 
layer 22 can be provided if first surface 48 is heated to a temperature Tl of about 120 
degrees centigrade, and a bonding pressure P^ of between 350 to 700 grams force per 
cm^ is applied for between about 10 and about 20 seconds. 

It is believed that properly selecting the strand density, strand cross-sectional 
area, and/or the melt index of first strands 26 (if first strands 26 are formed of a polymer) 
is necessary in order to provide a laminate structure 20 having an elastic structural 
direction along the direction of the second strands 28. Improper selection of strand 
density, strand cross-sectional area, and/or melt index of first strands 26 can result in a 
laminate structure wherein portions of integrally bonded first strands 27 can overlap or 
merge together in laminate structure 20. Such merging or overlap of integrally bonded 
first strands 27 can result in only small portions of laminate second strands 29 being able 
to extend or elongate when subjected to a tensile force, as opposed to the elongation 
being distributed along substantially the entire length of substantially all of laminate 
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second strands 29 absent this overlap. To minimize this condition, the strand density, 
strand cross-sectional area, and/or melt index of first strands 26 should be selected such 
that integrally bonded first strands 27 have a strand coverage S of less than about 50%. 
As used herein, the phrase "strand coverage" is intended to be a measure of the amount 
of surface area of first fabric layer inner surface 46 which is in contact with integrally 
bonded first strands 27 of the present invention. Strand coverage Sg is defined as: 

Sc = (E/F)* 100 

Where E= strand centerline distance between any 
adjacent integrally bonded first strands 27, as shown in 
Fig. 2 

F= strand edge distance F between any adjacent 
integrally bonded first strands 27, as shown in Fig. 2 

The measurements of E and F can be taken at any cross section through laminate 
structure 20 of the present invention between any adjacent integrally bonded first strands 
27. 

The phrase "strand density", as used herein, is intended to mean the number of 
subject strands per centimeter along a strand transverse to the subject strands. For 
example, first strands 26 have a strand density which can be measured over a 
predetermined length A of a second strand 28, as shown in Fig. 2. Likewise, second 
strands 28 have a strand density which can be measured over a predetermined length B of 
a first strand 26. The phrase "strand cross-sectional area", as used herein, is intended to 
mean the cross-sectional area of any first strand 26 of mesh 24 when measured according 
techniques known in the art For example, the selected strand can be encapsulated in a 
resin, sliced, and the cross-sectional area measured by means of an magnifying 
instrument, such as a light microscope or scanning election microscope. 

The melt index of a polymer measures the ability of the polymer to flow when 
subjected to a given temperature and pressure. A polymer having a low melt index will 
be more viscous (and therefore not flow as readily) at a given temperature than a polymer 
having a higher melt index. Thus, it is believed that first strands 26 comprising a 
polymer having a high melt index will have a greater tendency to merge or overlap 
during application of a given pressure and heat flux than first strands 26 comprising a 
polymer having a lower melt index and subjected to the same pressure and heat flux. 
Because of tiiis variability, the polymer forming first strands 26 can be selectively 
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chosea, in conjunction with the strand density and strand cross-sectional area, to provide 
a predetermined meh index such that first strands 26 are integrally bonded to first fabric 
layer 22 with a strand coverage of about 50 percent In addition, varying the polymer 
melt index can also be especially useful where it is desired to increase the density of the 
first fabric layer 22 while maintaining the same processing conditions. In this situation, 
the polymer of first strands 26 can be changed to provide a higher melt index such that 
first strands 26 can more easily penetrate and bond with fabric layer 22 when subjected 
to the predetermined pressure and heat flux. Consequently, the same level of integral 
bonding can be achieved without changing the processing conditions despite the 
increased density of first fabric layer 22. 

Based upon the foregoing, it is believed that first strands 26 should preferably be 
aligned so as to provide a strand density of between about 2 and about 10 strands per 
centimeter in conjunction with a strand cross-sectional area of between about O.OOOS and 
about 0.03 cm2 so that merger or overlap of integrally bonded first strands 27 in 
laminate structure 20 can be avoided. More preferably, first stands 26 have a strand 
density of between about 3 and about 6 in conjunction with a strand cross-sectional area 
of between about 0.00 1 and about 0.005 cm^. A meh index of between about 2 and 
about 15 (as measured per ASTM D1238) in conjunction with the above-described stand 
density and strand cross-sectional area values has been found to be satisfactory. 

With regard to second strands 28, it is believed that the strand density, strand 
cross-sectional area, and the modtilus of second strands 28 can also can affect the elastic 
properties of laminate structure 20 (e.g., the modulus of structure 20) in the direction 
along the second strands (i.e., along direction D of Fig. 2). For example, as the strand 
density and/or the strand cross-sectional area of second strands 28 increases, the modulus 
of laminate structure 20 will decrease. For a laminate strticture of the present invention 
to be incorporated into a product to be worn about the body, it is desirable that a modulus 
of between about 100 grams force per cm and about 250 grains force per cm at a unit 
strain of about 1 be provided. It is believed that providing second strands 28 having a 
strand density of between about 2 and about 5, a cross-sectional area of between about 
0.003 cm^ and about 0.02 cm^, and comprising a styrene butadiene block copolymer will 
provide a laminate structure having the preferred modulus in a direction along second 
strands 28. The modulus of laminate structure 20 can be measured by techniques known 
in the art. For example, the modulus of laminate structure 20 can be measured using a 
universal constant rate of elongation tensile tester, such as Instron Model #1 122 (which 
manufactured by Instron Engineering Corporation of Canton, Massachusetts). 
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Laminate structure 20 can also be subjected to various additional post-fonnation 
processes known in the art. For example, a laminate structure made in accordance 
herewith can comprise additional fabric layers which are joined to the laminate strucnire 
so as to further improve the wearability and comfort of the structure. The additional 
fabric layers can be secured to the laminate structure by a uniform continuous layer of 
adhesive, a patterned layer of adhesive, or an array of separate lines, spirals, or spots of 
adhesive. An adhesive found to be satisfactory is manufactured by Findlay Adhesives of 
Wauwatosa, Wisconsin and marketed under the name H2031. Alternatively the 
additional fabric layers can be attached by heat bonds, pressure bonds, ultrasonic b^nds. 
dynamic mechanical bonds or any other suitable method as are known in the art 

Having shown and described the preferred embodiments of the present invention, 
fiirther adaptation of the improved laminate structure can be accomplished by appropriate 
modifications by one of ordinary skill in the art without departing from the scope of the 
present invention. A number of alternatives and modifications have been described 
herein and others will be apparent to those skilled in the art For example, broad ranges 
for the physically measurable parameters have been disclosed for the inventive laminate 
structure as preferred embodiments of the present invention, yet it is contemplated that 
the physical parameters of the laminate structure can be varied to produce other preferred 
embodiments of improved laminate structure of the present invention as desired. In 
addition, it should be readily apparent that the aligmnent, properties, and composition of 
first strands 26 can be interchanged with those of second strands 28. or additional strands 
can be provided (e.g., a pluraUty of third strands etc.) to alter or enhance the properties of 
a laminate structure made in accordance with this invention. Accordingly, the scope of 
the present invention should be considered in terms of the following claims and is 
understood not to be limited to the detaUs of the structures and methods shown and 
described in the specification and drawings. 



> 
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WHAT IS CLAIMED IS: 

1 . A laminate structure characterized by: 
a first fabric layer; and 

a mesh having a plurality of first strands intersecting a plurality of second strands, 
said first and second strands having a softening temperature at a bonding pressure, 
at least one of said first strands being integrally bonded to said first fabric layer by 
application of said bonding pressure at said softening temperature. 

A laminate structure characterized by: 
a first fabric layer having a fabric inner surface; 

a mesh having a plurality of polymeric first strands intersecting a plurality of 
polymeric second strands, said first strands being inelastic and said second strands 
being elastic, said first and second strands having distinct softening temperatures at 
a bonding pressure, the softening temperature of said first strands being less than 
the softening temperature of said second stands at said bonding pressure, said mesh 
having a strand density of between 2 and 10 first strands per centimeter, at least 
one of said first strands having a strand cross-sectional area between O.OOOS cm^ 
and 0.03 cm^, at least one of said first strands being integrally bonded to said first 
fabric layer, and at least one of said first strands being substantially fiat in shape. 

3. A method for forming a laminate structure characterized by the steps of: 
providing a first fabric layer having a fabric inner surface; 

providing a mesh having a plurality of first strands intersecting a plurality of 
second strands, said first and second strands having a first softening temperature at 
a bonding pressure; 

heating said mesh to the first softening temperature of said first strands; 
^plying said bonding pressure to said first strands; and 
integrally bonding at least one of said first strands to said first fabric layer. 

4. The laminate structure according to any of the preceding claims, wherein the 
softening temperatures of said first and second strands are distinct at said bonding 
pressure, the softening temperature of said first strands being less than the 
softening temperature of said second strands. 



2. 
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5. The laminate structure of claim 1, wherein at least one of said first strands is 
substantially flat in shape. 



inner 



6. The laminate structure of claim 1, wherein said fabric layer has a fabric 
surface and at least one of said first strands is substantially coplanar with said 
fabric inner surface. 

7. The laminate structure of claim 1, wherein said mesh comprises between 2 and 10 
first strands per centimeter. 

8. The laminate structure of claim 1. wherein at least one of said first strands has a 
cross-sectional area of between 0.0005 cm2 and 0.03 cm^. 

9. TTie laminate structure of claim 1. said first strands having a strand coverage of 50 
percent 

10. TTie laminate structure of claim 1. wherein corresponding first strands and second 
strands intersect at a predetermined and substantially uniform angle. 
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